TO THE EDITOR:
Alteration of gastric emptying (GE) is one of important pathophysiology in functional gastrointestinal disorders such as functional dyspepsia and diabetic gastroparesis. 1 Therefore, it is essential to measure GE in investigating the pathophysiology of disease or new drug efficacy in the translational animal experiment.
In small animals such as mice or rat, phenol red recovery with photospectrometry from stomach has been used for liquid GE.
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For solid GE, measurement of remnant gastric food after spontaneous ingestion of normal rat chow has been used. 3 However, these methods require the sacrifice of an experimental animal and obtain only one-time point GE value. Recently, it has been recommended to minimize the sacrifice of an animal in the basic experiment. The non-invasive 14 C-octanoic acid breath test was recently applied to rats and it allows repetitive measurements of GE. 4 However, it is not possible to measure gastric volume in a live animal. We recently demonstrated that gastric volume could be measured in the rat using three-dimensional (3D) micro-CT (Polaris-G90, Nano Focus Ray, Iksan, Korea; Fig. 1) . 5 Based on the experience of the previous experiment, we thought it would be possible to measure GE with 3D micro-CT in rat without sacrifice. We performed a preliminary experiment on whether 3D micro-CT can measure GE change by drugs in Sprague-Dawley rat (210-310 g). Rats were divided into control, delayed GE (DGE, pre-treated with atropine), and enhanced GE (EGE, pre-treated with bethanechol) groups. After overnight fasting, distilled water, atropine (7.5 mg/kg), and bethanechol (1 mg/kg) was given by intraperitoneal injection in each group, respectively. After 20 minutes of injection, 3 mL of radiopaque semisolid food was fed into the stomach by gastric gavage under isoflurane anesthesia. Radiopaque semisolid food was a mixture of commercial food thickener containing carbohydrate (EG, 20 kcal/6 g; Goodseed company, Seoul, Korea) and radio-contrast dye (easySB, 30 g barium/100 mL; Taejoon pharm, Seoul, Korea). The calorie of final semi-solid food was 167 cal/mL. Immediately after gastric gavage, baseline CT (fed volume) was performed, and after 1 hour freely moving time, second CT (residual volume) was performed. Conventional CT image was converted to a 3D image, and the volume of radiopaque gastric food was measured (Fig. 2) . GE rate was calculated as [(fed volume - residual volume)/fed volume × 100]. Mean fed food volume on baseline CT was 3.00 ± 0.02 mL, 2.99 ± 0.05 mL, and 2.41 ± 0.71 mL and mean residual volume on second CT was 1.47 ± 0.40 mL, 2.59 ± 0.35 mL, and 0.74 ± 0.24 mL in control, DGE, and EGE groups, respectively. Because the emptying started very quickly and the fed volume was less than 3 mL in EGE group, the fed volume was unified to 3 mL in all groups when calculating the GE rate. The mean GE rate at 1 hour calculated using the volume of 3D micro-CT image was 51.1 ± 13.2%, 13.8 ± 11.6%, and 75.3 ± 8.1% in control, DGE, and EGE group, respectively. The difference was statistically significant (Fig. 3A) . We performed the same experiment using the traditional phenol red method and observed a similar pattern (Fig. 3B) . Micro CT for the small animal has been used over 30 years in translational research; however, the usage of this technique limited to the anatomical change such as bone, vascular structure, and solid organ. 6, 7 We applied 3D micro-CT to gastric functional measurement and demonstrated that the GE rate could be calculated by CT data in the rat. Moreover, the GE pattern by drugs in 3D micro-CT experiment was comparable with those in the experiment with phenol red method. The limitation of this method is that it requires anesthesia, which can affect gastrointestinal motility.
In conclusion, the novel method using 3D micro-CT can measure GE serially in the same animal without sacrifice. Therefore it could be used to study the pathogenesis of functional gastric disorders and to investigate the efficacy of a new drug with decreasing animal sacrifice as well as repetitive measurement. Vehicle (n = 6) Atropine (n = 6) Bethanecol (n = 5) Figure 3 . The gastric emptying (GE) rate in the rat. GE rated significantly decreased by atropine and increased by bethanechol. (A) GE rate measured by 3-dimensional micro-CT. (B) GE rate measured by phenol red photospectrometry. Data are expressed as the mean ± range and statistical differences in the data were evaluated using the Kruskal-Wallis test.
